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PREFACE

This report was prepared under contract (Purchase Order No. 82-ABA-305)
by Sharon D. Hendrix, graduate student, University of Hawaii. The contract
objectives were to collect and analyze data on the effects of various diets
and rearing conditions on growth and survival of mahimahi (Coryphaena
hippurus and C. equiselis) and skipjack tuna (Katsuwonus pelamis) larvae
reared under laboratory conditions. These data will provide information and
insight on the early life histories of these commercially valuable species.
The data will also provide a guide for future studies such as those designed
to measure the effects of normal environmental fluctuations and pollutants
on survival and growth of these fish species' larvae in the wild. Since the
report has been prepared under contract, the statements, findings, conclusions,
and recommendations herein are those of the contractor and do not necessarily
reflect the view of the National Marine Fisheries Service.

Richard W. Briil
Fishery Biologist

March 4, 1983
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The early life history of mahimahi (Coryphaena hippurus and C.

equisel is) and skipjack tuna (Katsuwonus pelamis): A report on the

culture and growth of tarval fish reared in the laboratory.

INTRODUCTION

Laboratory culture techniques have been developed that enable

scientists to obtain information on the early 1life  history of’
tropical  pelagic marine fishes that e not possible to chtain wsing
sea-caught larvae. This twpe of informaticon is waluable Ffor the

understanding of the ecology of tropical pelagic larval fish as  well

n

as for the potential aquaculture of thece species. This report
summarizes studies of the growth, development, behavior, mortalijty

and condition of larval sKipiack tuna (Hatsuwonus pelamis? and

mahimahi (Coryphaena hippurus and C. equiselis? reared in controlled

laboratory conditions. The objective of this study was to compare
growth and survivorship of mahimahi and skipiack tuna larvae reared

in the laboratory under different culture technigues and diets.
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MATERIALS AND METHODS

This work was completed during 1982 at the Kewalo Recearch
Facility of the MNational Marine Ficheries Service Honclulu Laboratory
{KFRF)>. Mahimahi were cultured from March - May and August - Octaber,
and sKipjack tuna were cultured from June = August when spawning

adult skKipjack tuna were available., Mahimahi (C. hippurusl €

]

gs

were obtained from captive spawning adults held at KRF, the GOceanic
Irstitute "Makapuu Pt.», and the Waikiki Agquarium. Eggs were spawned
and fertilized naturally, without hormone or stresze inducement. C.

equiceliszs eggs were obtained from naturally spawning adult broodstock
maintained at thse Waikiki aquarium. Skipiack tuna eggs were chitained
at HEF by stress induced spawning of newly captured adult skiplack

tuna (Kaya etal, 1732). Mean egg diameters for skipjack tuma and

X
[ R
I}

mahimahi were determined by measuring the diameters of of 2T eg

[}

zampled from each spawn. SkKipjiack tuna eggs were shipped to Kinki
Unijversity in Japan, and to MMFS5-3WFC La Jcolla taboratory far

coordinated rearing experiments among these three laboratories.

SHipjack tuna eggs were stocked into rearing tanks at a density
of 13 eqggssliter, mahimahi eggs at 18 eggssliter. Rearing tankes were
crlindrical black fihkerglass tanks with volume maintained at  Z8H

~

Viters cdiameter = 1.22 m, water depth = 24 cmy». Smaller cvlindrical
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black Afiberglaze vessels were ed for food selection experiments

fwolume = 25-38 1, dizmeter = 48 cm). Fluorescent Vamps  =suspended
over the tanks provided illumination of approximately & x lquatt scm

#t the surface. Rearing tanks were fitted with a 1 cm grid at the

bottom that was used For behavioral work as  well as density

estimates. FRearing tanks were initially fFilled with =08 Titers of W
sterilized or .22 /ﬁ millipore filtered <seawater. Volume was
maintained at 38080 liters by a constant level siphon (Houde, 1272),

Laily additions of the diatom Chaetoceros (4-8 liters/day of dense

culture) helped to maintain water quality Mara, 1973; Houde, 1%72;
Hazsler and Rainville, 19$75). Each day, water was siphoned from the
tank bottomse to remowve dead larvae and prey organjsms., Uswally,
18-28% of the total tank wolume was exchanged each day, by replacing

the siphorned water with freshly filtered seamater and algas,

i

Mahimahi  eggs and vyolk sac larvae were subjected to moderat
xeration, which was decreased upon intiation of teeding behavior,
Skipliack tuna eggs  and  Jarvae were subjected to gentle or no
zeration. Matimahi were alzo reared in ocutdoor conditianz. The
tanks were exposed to indirect sunlight and water temperatures ranged
from 25-27°C. Temperature in the indoor rearing tanks ranged from

21-24°C.



Larval culture

Mahimahi and sKipjack tuna larvae were initially fed laboratory

cultures of rotifers (Brachionus plicatilis> and/or harpacticoid

copepcds  (Euterpina acutifrons?. These preyx organisme were cstocked

-+

density

t
-+
Qs

I-1@2 corganismssml . #As larvae grew, they were fed

progressively larger prey, such

a

¢ Artemia zalina nauplii {ar  larger

in
—~+
a1
ul
m

s of Artemia when required’, laboratory cultured harpacticoid

——

copepods {Tigriopus <p. and mahimahi »olk sac larvae. Large
mahimahi larvae (approximately 2-3 cm standard length,> 25 davs old)

were ted mollies znd diced

N

b
a

quid., Juvenile mahimahi were transferr

to targe (2.43 and 7.2 m diameter), cutdoor tanks =zupplied with

circulating seawater.
Growth rates were determined by sampling 18 or more larvae
periodically, but fewser larvae were zampled as the numbers of larvae

in = tank population declined. Standard Length 3L, eye diameter,

-
D
bit]

ad depth, »olkK cac length and width, and oil globule diameter were

mexzured while larvae were alive, using & calibrated micrometer
mounted in a3 dissecting microscope. Bodies were saved in either 32X

Eehavioral abservations were made daily it poscible, noting
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¥ d. Swimming speeds were determined

fid)
T

ding behavior and swimming
bt counting the number of | cm grid crossings made by 2 larva over
time, and takKing the mean of 16-12 observations per day (observation
times were >18 <seconds in tength). During swimming speed
observationz, the number of feeding strikes made by each laruva

[}
N

pccessful and unsuccessful) was noted.

u
)

Food selection experiments were conducted on C. equicelie and

11
'

~

[51]

sel

3

C. hippurus, Eggs were stocked in small

hd
in

ring  uve:

density of 13 eggssliter. Food organiems were dictributed to  the

rearing vessels asz follows;

1. otifers, (B, plicatilis), 3/mi,
2., Rotifers, 2.%ml + copepods, (Tigriopus sp.), 2.3/ml,

Copepods, (Tigricocpus sp.?, S/ml,

As a further control, a large 388 liter rearing tank was &also
uzed; larwvae reared in this tank were given rotifers asz  food
organi=ms. Food zelection was determined by allowing larvae to feed
for 2 1 hre period (larvae feed vizually, so & 1 hr feeding pericd is

equivalent to the firgst hour of lighty, and then campling 26 laruvae
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for stomach analvsis and growth determinatione. Bodies were saved in

Z2e¥  ethanol  For future obtilith studies. Food Selectiwvily was
determined (Strauss, 1%7%) and mortality records were Kept. Feeding

zselectivity experiments were conducted daily upon larvae died or day

18, whichever came firct. Behavioral ocbservations were made only for

Varvae reared in the 388 liter tanks, due to difficulty observing

RESULTS

General ocbservations

Skipdack  tuna darvas are ditficult to culture., Howewer, the
1782 efforts resulted in rearing of skipdack tuna from hatching to

metamorphosis (up  too day 35 at MHMFS La Jolla (5. Kaupp, persc.
COOmm . D Skipiack tuna were szuccessfully cultured for 7 davs at  KREF

and 19 days at Kinki Universi re, COomm. ).
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C. hippurus larvae were successfully reared through metamorphosis to

approximately day 171 whern the fish were laost due to rupture of their

holding tank) ., Only one attempt was made to rear C. cquiselis, the

larvae survived through day 2,

th

Both skipiack  tupna  and mahimahi

T
N

gs  are spherical and

trancparent., SKipiack tuma eggs ranged from @,82% to 8.982 mm in
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diameter, while CT. hippurus eg were 1.32-1.9%46 mm in diameter, and

1]
1
I

gs  Wer

1}

C. equiselis approximatel» 1.9 mm in diameter. At

hatching, skKipjack tuna larvae averaged 2.9-3.8 mm in length with a
»olk  gac ranging from B8.78 to 1.83 mm in length and B8.52 to 8.448 mm

in width,

:;_&PiPPUFUE tarvze &t hatching averaged 4.3 to 5.4 mm Ry

length with  a »olk =zac ranging from 1.54 to 1,85 mm in length and

0

.37 to B8.47 mm in width and an oil globule of 8.31 to B.34 mm  in
diameter., S-£7% of skipjack tuna and mahimahi Yarwvae were aobserwued

to have been deformed at first  feeding <Cusually jaw and head

ul

zbnormalities), presumably duse to poor ego quality.
#t hatching, skipiack tuma lacvae were nearly tranceparent and
had wvery little pigmentation through day 12. By comparison, mahimahi

were transparent at hatching but becams darkly pigmented by dav Z.

Mahimahi »olK sac larvae (up until day 2>, were much 1ike <skKip.iack

Py

tunz Jarwvae in that they were nearly transparent and tended to +Flaat

near the surface in a head down position, essentially moticonless,

f

except for occasional bursts of swimming.

At day 2, mahimahi larvae tended to arient mear the bottom of

the tanks, with very few larvae remaining in the upper half of the
water  column, Larwae that settled to the tank bottom ftended tao
become fouled by bacteriaz, hence tank water needed to be agitated inm

order  to prevent mahimahi larvae from remaining on  the bottaom.
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Generally, mahimahi larvae had pigmented eyes ‘and functional jaws and

At day 32, mahimahi larvae were criented rear the <curface and
zwam  horizontally, usually feeding., SKipiack tuna larvae tended. to

remain bouvant throughout the wolk sac period and into first feeding.

Erez became pigmented, and stomachs and jaws functional by day 3.
Mahimabi larwvae exhibited marked wariation in pigmentation on
day 4, coloration waryed from light »ellow to  dark  brown. The

lightly colored larvae demonstrated a tendency to feed more activelsw
and appeared more robust than did the dark larvae, In adult

mahimahi  =tr ed fish become very darkly pigmented, especially at

]
if
i

capture and near death. This coloration response may also apply  to

mahimahi  larvae, Larvae of both ckipiack tuna (5. Kaupp, pers,
comm.y and  mahimahi metamorphcosed by dav 35 and were piscivorcus
tabile  to feed on other fizh larwvae? by dav 25 (9, Kaupp, pers,

comm. . Cannabalism wasz rnot obserwed in either larval skipliack  tuna

or mahimabhi within a2 brood,

Graoteth

(93}
T
o

& 1

[

cted growth data are summarized for sHiplack turma Yarw

~+
m
o
T
—
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a

for both species of mahimahi in table 2. Skipjack tuna
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1 ared at KRF did not exhibit significant growth. Howewer

w

[

w

2 r

m

growth was significant for larvae reared at MMFS La Jolla laboratory,
with one turva reaching a length of 32.% mm on day 35 (S. Kaupp,
pers. COMmT, ) . SKipiack tuna larvae reared at La Jolla grew in

spurts, larvae grew rapidly with each addition of larger prer t»p

D
m

fie. rotifers, copepaods, volk cac larvae) and grew better when the
dinoflagellate Tahitian Iscchrisis was added to the rearing wvessel
5, Kaupp, pers. comm.?. @At day 34, the last surviving cultured
skipjack tumna larva ingested 48 to S8 16— 12 mm halibut larwvae,
representing a substantial energy intake ¢S, Kaupp, pers. comm,?.

The larwva died due to unfor

S

The effect of temperature on growth of mahimahi (C.  hippurus:

iz zeen in figure 1. Growth at 24.2°C and 22.8°C waz comparable up

w

=)

until day 12, when there was & rapid acceleration in growth of laru:

reared at Z46.2°C (fig. 1». Corresponding trends in  growth with

temperature are zeen for head depth and eve diameter (Ffigs. 2  and
Z2. Mahimahi larvae reared at 248.2°C grew at nearly the came rate as
mahimahi reared at 2Z7°C <Hassler and Rainville, 1775; Palko etal,
1982, Growth of head depth and eye diameter varied linearly with
tength  (figs. 4 and S, Linear equations were Fit to data

3
(<]
Ty
u_l
13
1
T
b
]
3
-+,
£

describing growth of mahimahi reared at 24,2

Fesultse cobtained From Food selection experiments did not
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demcnstrate any effect of diet on growth., Cultures of E. acutifrons
were not available for these selection experiments, therefore
Tigriopus sp. was used as a prey organism with rotifers. Tigriopus

is a large harpacticoid copepod with demersal nauplii, and thus,

Tigriopuse are not good prey ftor firet feeding larvae. Indeed, no
larvae reared on Tigriopus survived beyond day 4. Therefore, growth

data are taken only from feeding experiments using rotifers as prey,
The length-age plot for the first ten days of growth of mahimahi

Tarvae (C. hippurus) wae nonlinear (fig. &).

The growth of mahimahi was modeled by two generalized equations
which describe significant events in early larval growth. The first
equation describes growth from hatching through yolk abserption and
firet feeding. During this period, larvae approached an asymptotic
length between days 2 and é (fig.é). This asymptotic function may
best describe growth in length, but conceivably growth described by
other parameters such as dry weight or calories may not demonstrate
the same trend. After significant mortalities on daye &-7, surviving
larvae initiated exponentia1 growth. The generalized equations of

this model are:

AL - 6”7 ; 0<t<r

AL - 8D (%JB st >T

1l

where L length at age t;

>
it

asymptotic length approached b~ first feeding larvae

before exponential growth comm -ces;
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A(l - 0) = length at t = 0;
T = transition between growth stages;
Y = rate of growth when 0 < t < T
B = rate of growth when t > T.

Eztimated parameters are given in table 3 for growth data precented in
fig, A, This ie & general growth model describing larval C.
hippurus but should be applicable to early growth of other species of
larwval fish (Hunter, 1%976), #Again, larval growth was linear with

respect to head depth, eve diameter and length (fins. 7 and 8.

Lifferences in growth due to starvation are not apparent until
dax 5 ttable 43, By dar &, starved larvae have significantly smaller
eve diameters and are shorter than fed larvae, btut head depths are

not significantly different (table 45,

Mortality

SHiplixck tupa larvae reared at KRF tended to have wery heaww
mortality with most  larvae dyring or dead by day 4. Ao ozimilar
mortality trend was seen in starvation experiments on larval pacific
mackerel (Hunter and Kimbrell, 1988>, and mahimahi reared at KRF,
where starved larvae began to die on day 4 and were &1l dead by dar

f mahimxhi raicsed at KRF generally exhibited le=s

J
m
;
g
N
hal
g
]
T
1
|

[}
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than 54 mortality per day from hatching through day S. 0On dars & and

e larvae suttered higher mortality rates of between 7-834 per day
(fig. ). Few of the sKipjack tuna larvae successfully initiated
feeding. Lese than S8X of the larvae campled on day 3 had any food
prezent in their z=tomachs. Ewen so, there is evidence that larvae

cselected Euterpinx nauplii over rotifers when given & choice, and

larvas generally ingested larger proportions of copepod nauplii than
were available as prer in the environment {(fig 18, Sea-caught
skipjack tuna larvae from the Hawaii region wsually have onlyr
larvaceans or the crclopoid copepod Corycaeus sp.  in their stomachs,
perhaps indicating & strong selection for these prey types (Uotani
etxl, 1%21; and pers. abs=.2>. e suspected that egg =size mar

influence the length of larvae at hatching and the amcunt of »yolkK
reserves available to the larvae. Smaller eqgs could result in  an
energetic detficiency because they have a smaller amount of available
Yok, Focomparison was made of larvae reared from 2 spawns  with
different mean ova diameters (table S). No significant effect of ocua

diameter was found on larvae from hatching through first feeding

“tabl

= -
d o,

T

Initial feeding experiments on C. hippurus indicate a tendencr

tor larvae to select for Euterpina copepods from First  feeding

through dar 7 when presented a diet of both rotifers and copepods

(fig. 11, table £&>. Rotifer fed larvae did not have a tendency to
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select to either gravid or nongravid rotifers (fig. 12, table 75,
Tigricpus—fed mahimahi larwvze (bath C. equizelis and . hippurusz),

tended to ingest only Tigricpus fecal pellets. A< mentioned earlier,

Tigriopus are not adequate prey for firct tfeeding larvae due to
inacocessibility of =zmal) naupliar ztages. Fecal pellets  are

approximatel > &8 x 11@upm in zize and are probably eazily ingested by

mabhimabi Tarwvae.

Mo  trends were seen in swimming speeds of mahimahi larvae from
first feeding to dav 18, however increases  in feeding strike

frequency were shawn {fig. 12). Mzahimahi and skipjack tuma larwvae

ia]

demonstrated typical larval zcombrid feeding behavior (Hunter, 1%38;

Ha=

[11]

ler  and Rainville, 1975, & larwva would fight a prer organism,

draw itz tail back so that jts body was in a tight "z it curwve,

or
and  then <etrike and ingest the prev Qbcervations of mahimahi

indicated that a larva would not alwavs =trike a prey jtem, even if

Y

behaviar i2 noated

the laruzx coiled its body ipto am "o curve, Thi

2z "zabandoned strikes" in fig. 13, Ten dar aold laruse had a zmaller

proporticon of abandoned strikes than 7 dav old larusze Cfig. 3.
hen mahimahi  were large enough to feed on other yolk  sar larvae,

theszs prey were uzually engulfed with little or nao handl ing time;
ingestion was quick and efficient,

Mabhimahi larvae ctarted "ratting" behavior arcund day 2. This
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involved orienting and maintaining a position under or relative

~+
]

ztationary items such as airline tubing. This type of behavior is

frequently seen in adult mahimahi (Hunter and Mitchell, 19587).

LISCUZETOM AND RECOMMENDAT ITON

This wveare efforts to rear skipjack tuna were promising, with
larvae cultured through metamorphosis. Even so, sKipjack tuna are

difficult to rear and exhibit wvery low survivorship {(Maro,

g}

19733Uvenagi etal, 19274; Inuce etal, 1?74; Houde and Richards, 12477,
The results obtained indicate an overall poor egg quality, especiallyr

since mortality was =0 high during yolk =ac stages and deformities

were =00 COmmon . Foor maternal investment due to stress induced
spawning  could possibly  have caused the detormitiez and high
mortalities., Howtewer skipjack tuna can be reared to metamorphosis
suyccessfull», which suggests other causative factorsz.

Liet iz wery critical to larval survival. PFResults from rearing
skiptack tuna in La Jolla indicate that tarval growth may have been
reduced by the inzability of the larvaes to consume sufficient energr
to meet the demandz of rapid development (5. HKaupp, pers. comm.X.

For future research aon sKipiack tuna, I recommend the faollowing:

1. Rear

n

Kipjack tuna from naturally spawned eqos obtained from
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plankton tows to see if streses induced ovulation sffect

eqg  gquality

and to test rearing techniques,

rJ

. Continue work on diet to obtain optimal prey types, focus on
energy demands of larvae and caloric content of prey. Rear csKipjack

tuna larvae on wild plankKton, especially larvaceans and Corycaeus =p.

{theze prey species are found in the diets of ce

¥
al

aught larwvael.

X

Continue work on stomach analrsis of sea-cauaht sKipjack tuna larvae

to determine cther optimal foods.

Both sKipdack tuma and mahimahi demonstrate rapid growth rates,

and require large guantities of ftood for growth  and maintenance

(Maro, 177322 HMahimahi appear to be a hardier species than skipjack

tura., FPigmentation occurs wery early in mahimahi development,
suyggesting  that mahimahi larvae may live near the <surface while

skipiack have been found at depths of 26 metercs (Sund etal, 1781).

The obserwvation that mahimahi larvae will ingest fecal pellets

veral

31}
[

impor-tant  in s specte. It is unknown i+ they ingeet fecal
pellets in their natural environment, If mahimahi larvae will ingest

inanimate ohjectse such as fecal pellets,it raices the question: can

matiimahi be aguacultured on artificial diets from first feeding?

Abandonment  of  +feeding cstrikese is ancother ecologically
interesting phenomena. Why should a mahimahi larva abandon  a prey

once 1t s ighted and strike pozition is attained? Here 1< an

in
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example of potential energyr waste, since the 1arva abandeone or  locses

n

e
1]

prey and must search for another. Perhaps the best explaination
for this phenomena is that the prey item swims out of the effective
visual range of the mahimahi Vtarva after the tarva hae achieved
strike position. @Another possible explanation is that the larva mar
actually abandon a3 prey item because the prey is unsuitable due to

incorrect size or type.

Mahimahi represent an excellent species to use as a madel for
grawth  and condition of larval fishes. The cobwvicus effect of diet
and food selection on growth chould be seen in the growth function
tor zecond  egquationy of the 5 parameter model presented in  this
report, The rate of acceleration of growth after day & chould
reflect the condition ot the larvae, healthier larwae should grow
taster. This potential variation in growth rate mar be reflected in

otolith  itncrement width, which would be useful as a criterion for

1

3

Tarval fish conditicon in the zea (Hunter, 1%74; Methot, 1%7

)

I recommend continued work on ltarval mahimahi (especially C.
hippurus? with the following studies:

1. Continue +toocd selection studi nd attempt to determine it a

hd
i
s

criterion for Tarwal condition {(ctalith increment width? can be

tablizhed,

K

ul
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2. b= mahimahi as made | far improving culture techniques

By

applicable to skipjack tunz laru

e
T

Optimize «culture techniques,

experiment with temperature effe

1

te, effects of hormonese such  as

thy¥rowine, and effects of various prey types tincluding effecte of

&

1

different algal  spec a3 the primary step in the food chain’y on

tarval growth and survival, [ possible, conduct ctomach amalvysis an
sea—caught mahimahi larvae,
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Table 3: Estimated parameters for the model describing the growth of mahimahi
(C. hippurus) larvae spawned on 15 October 1982.

PARAMETER  ESTIMATE ASYMPTOTIC ASYMPTOTIC 95%
STD. ERROR  CONFIDENCE INTERVAL
LOWER UPPER
THETA 0.26169 0.07891 0. 06859 0.45480
LAMBDA 5.39764 0.02551 5.33520 5.46006
TAU 5.51097 0.17353 5.08634 5.93560
GAMMA 1.16619 0.30249 0.42604 1.90636

BETA 0.31923 0.02667 0.25398 0.38449



Table 4: Comparison of starved vs fed mahimahi larvae (C. hippurus) from
15 Oct. 82 spawn.
AGE PARAMETER STARVED FED F STAT
(DAY) (mm) x + 1 SD x + 1 SD
Day 4 Length .3440. 0614 5.4040.0743 2.483
Eye
diameter 0.34940.012 0.342+0.009 4.333
Head
depth 0.78040. 068 0.754+40.058 1.681
Day 5 Length .28540.113 5.48+0.121 27.917
Eye
diameter 0.35440.009 0.35740.009 0.978
Head
depth . 806+0. 029 0.79040.048 1.652
Day 6 Length .3554+0. 087 5.55+0.115 37.609
Eye
diameter .35540. 009 0.367+0.012 13.286
Head
depth 0.86510. 064 0.86910.055 0.0460



Table 5: Comparison of skipjack tuna larvae reared from eggs obtained from
different females spawned on 28 June 1982.

(note tank B and C have eggs obtained from the same female).

PARAMETER TANK A TANK B TANK C
%+1 SD X+l SD X+l SD

Ova diameter (mm) 0. 94+0. 006 0.98140.015 0.981+0. 015
Length at hatch (mm)

(n=12) 3.2540.085 3.22140.195 3.30+0.182
Length at day 3 (mm)

(n=12)* 3.61740.109 3.595-+0. 153 3.535+0. 134
Swimspecd

cm/sec 0.3468 0.3921 0.4324

body Length/sec 0.9589 1.090 1.226

#feeding strikes

per min 0.1177 0.1069 0.1324
%larvae with food 25% 0% 25%
%larvae without

food 75% 100% 75%
# Euterpina nauplii
ingested 5 0 3

Temperature (°C) 23.640.363 23.45+0.42 23.6+0 35

* data listed below this entry pertain to day 3 larvae



Table 6: Results of initial feeding experiments conducted on mahimahi
larvae (C. hippurus) spawned on 6 May, 1982.

. RATION

LENGTH % without % with  TOTAL # #Brachi #Brachi Euterpina acutifrons
INTERVAL food food LARVAE loricas eggs #nauplii #copepods #gravid
(mm) females
5.1-5.5 56 44 16 8 8 63 108 1
5.6-6.0 0 100 5 2 1 38 112 1
6.1-6.5 0 100 7 8 0 140 158 8
6.6-7.0 0 100 4 4 0 134 92 2
7.1-7.5 0 100 1 1 1 27 5 1



Table 7: Results of feeding experiments conducted on mahimahi larvae
(C. _bippurus) spawned on 15 October, 1982.

RATION

LENGTH  Z%without %with TOTAL # #Brachi #Brachi #Tigriopus #Tigriopus
INTERVAL food food LARVAE loricas eggs nauplii copepodites
(mm)

5.1-5.5 84.85 15.15 66 96 43 0 0
5.6-6.0 41.67 58.33 48 283 64 0 0
6.1-6.5 20.0 80.0 30 253 26 2 0
6.6-7.0 0 100 12 271 9 4 0
7.1-7.5 0 100 4 215 11 0 0



S o = =T FT =T = =
> = A= T = o -
PR =L T N - S AN~ X
* = h lrl."'-
i =
T I
+ * H ....r.m. .
e 3 tg O
4 -
+ = o
18T 2
+ TT T T
....N..ﬁ
llm .—.u. et
+ ++ T =
1ST=
+ +3F
!...m.l_....ﬂ
=T
‘aenle] fenprarpul 3juasaidai sjutod
(4) 02,6770 ¥ 0,8°2C PUB (+) D, 16°0 F D797
!seanjexadwal 3JUa19JITIP 7 3e paieax (snanddiy -D) Tyewryew Jo yimola ] 2and14g



EYE MM

Fit T

HE D

Figure 2:

Ll
ol

M
:

N
i

[ 44

AR W 4

Growth of head depth () and eye diameter (+) for mahimahi larvae
(C. bippurus) reared at 26.2 4+ 0.91°C. Points represent indivual
larvae.
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Growth of head depth (@) and eye diameter (+) for mahimahi larvae
(C. _hippurus) reared at 22.8 + 0.29°C. Points represent individual
larvae.
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Figure 4: Linear growth of mahimahi larvae (C. hippurus) reared at 26.2+0.91°C.
Head depth (') and cye diameter (+) vs Length.
Points represent individual larvae

Head depth=-1.0664 + 0.354 Length, r2=0.92

Eyc diameter=-0.1441 + 0.0949 Length, r2=0.91
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Linear growth of mahimahi larvae (C. hippurus)reared at 22.8+40.29°C.

Head depth () and eye diameter (+) vs length.
Points represent individual larvae.
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Figure 6: Growth of mahimahi larvae (C. hippurus). Plot is of mean length
+ 1 SD of the mean. (data obtained from food selection experiments
conducted on 15 Oct. 82 spawn).
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Figure 8: Growth of mahimahi larvae (C. hippurus). Head depth (D) and eye
diameter (+) vs Length. Points represent individual larvae.
(data obtained from food selection experiments conducted on 15 Oct.

spawn).
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(data obtained from 15 Oct. spawn).

Survivorship of mahimahi larvae (C. hippurus) reared under various

conditions.

Figure 9:
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Figure 10: Food selection by skipjack tuna larvae on day 3. Comparison of the
proportion of available food (P) to the ration (R).
Clear bars=nongravid rotifers,
shaded bars=gravid rotifers,
slashed bars=Euterpina nauplii,
stippled bars=Euterpina copepodites.

PROPORTION OF PREY ITEMS

6 July 82 spawn 31 July 82 spawn
(n=12) (n=12)



PROPORTION OF PREY ITEMS

Food selection by mahimahi larvae (C._hippurus, 16 May 82 spawn).

Comparison of the proportion of available food (P) to the ration
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Figure 11:
Shaded bars=Euterpina copepods,
Clear bars=Euterpina nauplii ,
Slashed bars=rotifers.
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Figure 12: Food selection by mahimahi larvae (C. hippurus, 15 Oct. 82 spawn).
Comparison of the proportion of available food (P) to the ration (R).
Shaded bars=gravid rotifers,
clear bars=nongravid rotifers.
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Figure 13: Feeding and swimming behavior for mahimahi larvae (C..hippurus).
Mean swim speeds are given in cm/sec (©) and body lengths/sec ().
Bars represent feeding strike behavior;
Shaded bars=abandoned strikes, clear bars=successful strikes
(note: no data available on abandoned strikes for days 4-6).
(data obtained from 15 Oct. spawn).
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